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IMAGE DISPLAY APPARATUS 

This application is based on application No. Hll-199790 
filed in Japan on July 14, 1999, the entire contents of which are 
hereby incorporated by reference. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a head-mounted image 

display apparatus. 

Description of the Prior Art 

Conventional methods of obtaining high realism in an image 
display apparatus that directs image light based on a displayed 
image to the user's pupil include a method in which a displayed 
image is projected onto the user's pupil as a virtual image 
without an intermediate image being formed and a method in which 
a displayed image is projected onto a screen and the user views 
the image. These methods are advantageous in that a wide viewing 
angle and a large pupil diameter are comparatively easily 
obtained and high realism is obtained. 

However, in the method in which a virtual image is projected 
onto the user's eye without an intermediate image being formed, 
a multiplicity of large-diameter lens elements are necessary to 
achieve a wide viewing angle and a large pupil diameter, which 
increases the cost of the optical system and the weight. On the 
other hand, the method in which an image is projected onto a 
screen and the user views the image is advantageous in that a 
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large pupil diameter can be achieved by diffusion by the screen 
and that the projection optical system can be made compact. Fig. 
7 schematically shows the structure of the optical system of a 
conventional head-mounted image display apparatus based on this 
method . 

An image display element 53 is illuminated by a lighting 
source 52, and the image light based on the image display exits 
from a projection optical system 54. The image light is 
reflected at a half mirror 51 and projected onto a reflective 
screen 56 to form an image. The reflected light from the screen 
56 is transmitted by the half mirror 51 and supplied to the 
user's pupil EP. By this light, the user views the image on the 
screen 56. 

However, in the conventional image display apparatus using 
a screen, the screen is fixed in front of the user. That is, 
since the screen is disposed away from the head, the overall mass 
moment of the apparatus imposed on the user's head is great, so 
that the load on the user when he or she wears the apparatus on 
his or her head is heavy. 

SUMMARY OF THE INVENTION 

An object of the present invention is to reduce the load on 
the user's head in a head-mounted image display apparatus using 
a screen . 

To achieve the above-mentioned object, a head-mounted image 
display apparatus according to the present invention is provided 
with: an image display element; a projection optical system that 
projects an image displayed by the image display element; a 



screen onto which the image is projected by the projection 
optical system; and a combiner disposed between the projection 
optical system and the screen. The combiner transmits the image 
light from the projection optical system and directs it to the 
screen, and reflects the image light reflected at the screen. 

in the above-described structure, since the image light from 
the screen is directed to the user's pupil by being reflected at 
the combiner, the screen can be disposed close to the user's 
head. With this disposition, the overall mass moment of the 
apparatus imposed on the head is reduced. 

It is desirable for the combiner to transmit external light 
and direct it to the user's pupil together with the image light. 
With this structure, an external image can be viewed together 
with the displayed image. 

It is desirable for the image display apparatus to be put on 
the head through a head-mounted member, and for the screen to be 
t integrated with the head-mounted member above or below the user's 
% pupil. With this structure, the image display apparatus is 
3 easily constructed and the load on the user's head is further 
20 reduced* 

Moreover, the image display apparatus may have a structure 
in which an eyepiece optical system is disposed between the 
combiner and the user's pupil and the user views the image 
projected onto the screen so as to be enlarged through the 
25 eyepiece optical system. In this structure, since the image 
projected onto the screen is viewed being enlarged, a wide 
viewing angle can be obtained or the size of the screen can be 
reduced. Moreover, the user's diopter can be controlled, which 



10 

s i 

'IB 

IU 

wis 

E 



-3- 



enables excellent image viewing. 

In the structure in which the eyepiece optical system is 
disposed, an optical element where the composite optical power of 
the optical element and the eyepiece optical system is substan- 
5 tially zero may be disposed on the external side of the combiner 
with respect to the eyepiece optical system. In this case, since 
the optical power to which the external light is subjected before 
reaching the user's pupil is substantially zero even though the 
eyepiece optical system is provided, excellent external image 
10 viewing can be performed. 

Further, the image display apparatus may have a plurality of 
S units each including the image display element and the projection 
P optical system, so that images corresponding to the user's left 
m and right pupils are formed on the screen. In this structure, by 
B 5 providing parallax between the left and right images, three- 
Q dimensional images can be viewed. 

It is desirable for the screen used in the above-descried 
structures to have a retroref lection characteristic. The 
C retroref lection characteristic enables most of the light made 
incident on the screen to be incident on the user's pupil, so 
that bright images can be viewed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects and features of this invention will 
25 become clear from the following description, taken in conjunction 
with the preferred embodiments with reference to the accompanying 

drawings in which: 

Fig. 1 shows the structure of an optical system of an image 
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display apparatus according to a first embodiment; 

Fig. 2 shows a concrete structure of a head-mounted image 
display apparatus using the optical system of Fig. 1; 

Fig. 3 shows a concrete structure of another head-mounted 
image display apparatus using the optical system of Fig. 1; 

Fig. 4 shows the structure of an optical system of an image 
display apparatus according to a second embodiment; 

Fig. 5 shows the structure of an optical system of an image 
display apparatus according to a third embodiment; 

Fig. 6 shows the structure of an optical system of an image 
display apparatus according to a fourth embodiment; and 

Fig. 7 shows the structure of the optical system of the 
conventional head-mounted image display apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present invention will be 
described with reference to the drawings. 
<First Embodiment > 

Fig. 1 shows the structure of an image display optical 
system of a head-mounted image display apparatus according to 
this embodiment. This optical system comprises a half mirror 1 
situated in front of the user's pupil, a diffuse-reflective 
screen 6 disposed above the half mirror 1, and a projection unit 
5 including a projection optical system 4, an image display 
element 3 and a lighting source 2 disposed below the half mirror 
1. In this optical system, the distances from the user's pupil 
and the exit pupil of the projection optical system 4 to the half 
mirror 1 are substantially the same. 



The image display element 3 is illuminated by the lighting 
source 2, and the image light based on the image display exits 
from the projection optical system 4. The image light is 
transmitted by the half mirror 1 and projected onto the reflec- 
5 tive screen 6 to form an enlarged image. The reflected light 
from the screen 6 is reflected at the half mirror 1 and supplied 
to the user's pupil EP. By this light, the user views the image 

on the screen 6. 

As described above, in this embodiment, the half mirror 1 is 
10 used as a combiner, and the half mirror 1 transmits the light 
from the projection unit 5 and directs it to the screen 6, and 
1 reflects the light from the screen 6 and directs it to the user's 
E pupil EP. Moreover, the half mirror 1 transmits external light 
fU LB and directs it to the user's pupil EP together with the image 
W5 light. Consequently, by the light from the half mirror 1, the 
user can view an external image being superimposed on the image 

on the screen 6 . 

A polarization separation surface may be provided instead of 
3 the half mirror 1. In this case, by using it in combination with 
20 a polarizing plate, the same working as that obtained through the 
use of the half mirror 1 can be obtained. When a polarization 
separation surface is used, since total transmission and total 
reflection can be achieved by making incident the polarized light 
responsive to the characteristic of the polarization separation 
25 surface, the light quantity loss of the image light can be 
reduced . 

Fig. 2 shows a concrete structure of a head-mounted image 
display apparatus using the image display optical system. In 
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this apparatus, the image display optical system shown in Fig. 1 
is provided in a viewing member 8, and the viewing member 8 is 
held by a helmet-type head-mounted member 7 through a rotating 
hinge 9. The viewing member 8 is retractable in the direction of 
the arrow A from a viewing condition shown by the solid line by 
the rotating hinge 9, and is in the condition shown by the dotted 
line when retracted. In the retracted condition, there is 
nothing to obstruct the user's view. 

The head-mounted member 7 has earpieces 7a. The earpieces 
7a each include a non-illustrated speaker so that sound based on 
externally transmitted sound signals is supplied to the user. 

In the viewing condition of the viewing member 8, the screen 
6 is disposed so as to extend forward from a neighborhood of the 
user's forehead and the projection unit 5 is disposed in the 
vicinity of the user's mouth, so that the mass moment imposed on 
the user's head by the viewing member 8 is small. Consequently, 
even if the user continues image viewing for a long time, the 
load on the user is light and the user does not easily get 
fatigued. 

Fig. 3 shows a concrete structure of a head-mounted image 
display apparatus using the image display optical system which 
structure is different from that of Fig. 2. In this apparatus, 
the image display optical system shown in Fig. 1 is integrated 
with the head-mounted member 7. The head-mounted member 7 has a 
helmet configuration of which upper and lower parts protrude 
forward from the side of the user. The visor-like upper 
protruding part has the screen 6, and the projection unit 5 is 
provided in the lower protruding part. The head-mounted member 



7 has earpieces 7a similar to those of Fig . 2 . 

In the image display apparatus shown in Fig, 3, because of 
the integration of the image display optical system and the 
head-mounted member 7 , the mass moment imposed on the user's head 
5 is further reduced . 

< Second Embodiment > 

Fig. 4 shows the structure of an image display optical 
system of a head-mounted image display apparatus according to 
this embodiment. The structure of this optical system is similar 

10 to that of the optical system of the first embodiment except that 
an eyepiece optical system 10 is disposed between the half mirror 
l and the user's pupil EP. By interposing the eyepiece optical 

H= system 10, the user can view an enlargement of the image 

y \ 

Hi projected onto the screen 6, so that a wide viewing angle is 

bj 

IL5 achieved. Moreover, the image viewing distance (diopter) can be 
O adjusted, which enables more natural image viewing. 
< Third Embodiment > 

Fig. 5 shows the structure of an image display optical 
^ system of a head-mounted image display apparatus according to 
20 this embodiment. In this optical system, an optical element 11 
is further provided in the optical system of the second embodi- 
ment. The optical element 11 is disposed on the external side of 
the half mirror 1 with respect to the eyepiece optical system 10, 
and has an optical power which is substantially zero when joined 
25 with the optical power of the eyepiece optical system 10. 

In this optical system, since external images are viewed 
through the eyepiece optical system 10 and the optical element 
11, natural external images can be viewed. 
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< Fourth Embodiment: > 

Fig. 6 is a front view showing the structure of an image 
display optical system of a head-mounted image display apparatus 
according to this embodiment. This embodiment is different from 
5 the first embodiment only in that two projection units are 
provided in correspondence with the left and right eyes. By the 
projection light exiting from a projection unit 5L for the left 
eye, an image for the left eye is formed on the screen 6. The 
user's left eye EL views this image. By the projection light 
10 exiting from a projection unit 5R for the right eye, an image for 
^ the right eye is formed on the screen 6. The user's right eye ER 
*B views this image. 

M 8 In this structure, three-dimensional images can be displayed 

fiJ by providing parallax between the left and right images. 

UJ 

|ij5 It is desirable for the screen 6 of the optical systems of 

O the first to the fourth embodiments to have a retroref lection 
characteristic. According to the retroref lection characteristic, 
the image light exiting from the exit pupil of the projection 
optical system can be efficiently made incident on the user's 
20 pupil, so that brighter images can be viewed. In the fourth 
embodiment, by providing the retroref lection characteristic, the 
left and right luminous fluxes from the screen can be separated. 
This reduces crosstalk between the left and right images so that 
more excellent three-dimensional images can be viewed. 
25 While in the above-described embodiments, the projection 

unit is disposed below the half mirror 1 and the screen is 
disposed above the half mirror 1, they may be disposed in the 
opposite positions because similar effects are obtained when they 
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are disposed in the opposite positions. 

While the screen is concave to the side of the projection 
optical system, the configuration of the screen is not limited 
thereto; for example, the screen may be flat. However, when the 
screen is concave with the exit pupil of the projection optical 
system substantially as the center, since dif fusibility is 
uniformly obtained with respect to the direction of incidence, 
the dif fusibility is uniform also on the user's pupil, so that 
uniform brightness across the angle of view is easily obtained. 
In the case where the screen has the retroref lection characteris- 
tic, since the retroref lection efficiency decreases when the 
angle of incidence on the screen is large, it is desirable for 
the angle of incidence not to largely vary according to the angle 
of view. The concave shape is effective also in this respect. 

Obviously, many modifications and variations of the present 
invention are possible in light of the above teachings. It is 
therefore to be understood that within the scope of the appended 
claims, the invention may be practiced other than as specifically 
described. 
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